Material and Methods
An annual examination at the Pneumoconiosis Bureau, Johannesburg (including clinical and radiological examination) is compulsory for all working miners, for all retired miners who wish to retain the right to mine, and for those who have left the industry and are in receipt of compensation until such time as their compensation reaches the maximum level. Thus, examination of the Bureau records makes it possible to compile a fairly complete list of miners (present and past) in any one radiological category. The names of 30 gold-miners or ex-miners were selected at random from the records of all men examined at the Bureau during the period December, 1955, to May, 1956 , and these men were recalled for testing.
The only criteria for selection were a history of at least seven years' underground service (Table 1) from a railway workshop (population 700 men). They were asked to volunteer and then put into one of the three age groups to match the miners. The only criteria for rejection were a full age group, a history of exposure to silica dust, or any radiological abnormality of the chest. It was our impression that they were comparable as regards their socio-economic status and their physical activity at their respective occupations. The mean age, height, weight, and body surface area of each group is recorded in Table 1 . In all subjects a careful industrial and clinical history was obtained with particular emphasis on respiratory symptoms. Dyspnoea was graded on the scale suggested by Fletcher (1952) . A clinical examination was made and radiological, electrocardiographic, and haematological examinations were carried out in each case. Lung function testing was performed using the methods previously described by Becklake, du Preez, and Lutz (1958) Tests of mixing efficiency and arterial oxygen saturation (oximetry) reveal no significant differences. The values for ventilation equivalent on effort suggest that there was a tendency for miners to have a greater ventilatory response to exercise, but this was significant at the 5% level in the 41 to 50-year-old age group only, and no significant differences were noted in the Hugh-Jones test. However, it is possibly related to the fact that the miners spend a number of hours each working day at a considerable depth below the surface where the oxygen tension is higher (altitude of Johannesburg 5,760 feet above sea level). The miners might, therefore, be less well adapted to altitude (Stickney and Van Liere, 1953) than the railway workers, but no detailed investigation on this problem has yet been attempted here.
Though the mean values for maximum voluntary ventilation suggest that the rate of fall with age is higher in the miners than the railway workers, there is no significant difference in the two regressions of M.V.V. on age, owing to the wide variation of individual values. Maximum mid-expiratory flow rates, while almost identical in the two younger age groups, are significantly different in the oldest group at the 5% level. Possible technical errors were eliminated when the railway workers aged 51 to 60 years were re-tested, and the same low result for the maximum mid-expiratory flow rate was obtained. The interpretation of this observation is, however, uncertain when it is seen that in the same age group there is a tendency for the miners to have a lower maximum voluntary ventilation, lower compliance, higher non-elastic expiratory resistance, and a lower maximal expiratory pressure. In the age group 31 to 40 years also, the miners have a significantly higher expiratory resistance, but not in the 41 to 50 group.
It thus appears that in a few tests only was there a significant difference between the mining and control groups and where such differences were present they were not consistent in all age groups. In a previous study, using identical testing techniques (Becklake, and others, 1958) , it has been shown that by the technique of discriminant analysis a cumulative test score could be derived by which it was possible to separate miners with radiological changes of silicosis from those without, in spite of the fact that no individual test was capable of producing such separation. However, the application of this technique to the present data completely failed to show any significant difference between the miners and the control group. Also, when the results for V.C., R.V., T.L.C., F.R.C., and M.V.V. were expressed as a percentage of the predicted values* no significant differences were detected.
Finally, using Pemberton's (1956) criteria t both miners and railway workers were placed in one of his four diagnostic groups for chronic bronchitis, emphysema, and bronchial spasm (Table 1) . No significant difference in the incidence of these illnesses in miners and non-miners was found.
Discussion
There are few published reports of a comparison between radiologically normal miners and control groups composed of men who have never been exposed to the dust hazard. Craw (1947) , in a comparison of non-miners and haematite miners, found no significant differences in the results for an exercise test and lung volumes between miners with normal radiographs, those with "reticulation", and the controls. Vokac (1950) pared with a control group of normal non-miners. detectable abnormality on examination by the usual Gilson, Hugh-Jones, Oldham, and Meade (1955) clinical methods. Their study included the applicompared coal-miners selected purely on the basis cation of a wide range of lung function tests. The of age and radiographic appearance with men only test in which important differences were noted applying for work at an employment agency. The between non-miners and miners was the maximum latter were asked to volunteer for lung function tests, voluntary ventilation, and this was reflected in and were excluded only if they had had mining higher values for the dyspnoeic index in the mining experience, or were physically handicapped, or had group than in the non-mining control group. tDiffers from the value for mineworkers at the 5% level using Student's t test. Pemberton (1956) , in a largely clinical study, compared a group of coal-miners with two groups of industrial workers. He found chronic bronchitis, emphysema, and bronchial spasm commoner in miners than in the industrial workers, and amongst the former its incidence was unrelated to the presence of pneumoconiosis. Expressed differently, miners with a normal chest radiograph were found to have a higher incidence of these respiratory illnesses than non-miners and evidence was presented suggesting that this was occupational in origin. Our results are not in agreement but it is not unreasonable to expect that a certain concentration of coal dust inhaled by his subjects might produce different results from the relatively low concentration of silica dust inhaled by the Witwatersrand gold-miner.
From Table I (Pemberton, 1956; Schilling, 1957) , nor can it be certain that the railway workers themselves do not suffer from a higher incidence of respiratory disease than the general population due to the nature of their employment. This difficulty is partially answered by the fact that the mean values for vital capacity, residual volume, total lung capacity, functional residual capacity, and maximum voluntary ventilation in both miners and railwaymen fall within the predicted normal limits using the prediction formulae of Goldman and Becklake (to be published).
It is concluded that comparison of radiologically normal miners and railway workers by the methods used in this study has failed to demonstrate conclusive clinical or physiological evidence of an increased incidence of chest disability in the former. Summary Lung function studies were made in a random sample of the Witwatersrand gold-miners and exminers with normal chest radiographs in the ages 31 to 60 and compared with an age-matched group of volunteers from railway workshops. Ten subjects in each 10-year age group were studied. The incidence of chronic bronchitis, emphysema, and bronchial spasm was assessed using criteria suggested by Pemberton.
No conclusive evidence, clinical or physiological, of an increased respiratory disability among the mining group was obtained, although the average maximum breathing capacity was lower in the miners over the age of 40, but the differences were not
